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SUMMARY 
An  investigation  has  been  conducted  in  the  Langley  8-foot  transonic  pres- 
sure  tunnel  to  determine  the  longitudinal  and  lateral-directional  static  sta- 
bility  and  control  characteristics  of a 1/6-scale  force  model  of  a  remotely 
piloted  research  vehicle. The  model  was  equipped  with  a  supercritical  wing 
and  employed  elevons  for  pitch  and  roll  control.  Test  conditions  were  as 
follows:  Reynolds  number  of  about 6.6 x 1 O6 per  meter,  variations  of  sideslip 
from  about -6O to 6O, elevon  deflection  angle  (symmetrically  and  asymmetrically) 
from -90 to 3O, and  rudder  deflection  angle  from Oo to -loo. 
The  model  was  longitudinally  statically  stable  at  angles  of  attack  up  to 
about 7O, which is significantly  greater  than  the  angle  of  attack  for  the  cruise 
condition  (approximately 4O) .  In  the  range  of  test  Mach  numbers,  the  model  was 
directionally  stable  and  had  positive  effective  dihedral,  sufficient  pitch  con- 
trol,  and  positive  effectiveness  of  roll  and  yaw  control.  The  drag-divergence 
Mach  number  (defined  as  the  Mach  number  where  aCD/aM = 0.10 where CD and  M 
represent  drag  coefficient  and  Mach  number,  respectively)  decreased  slightly  as 
lift  coefficient  was  increased. 
INTRODUCTION 
The  National  Aeronautics  and  Space  Administration  has  initiated  a  flight- 
test  program  to  evaluate  an  active  control-flutter  suppression  system  and  to 
obtain  transonic  flight-load  measurements  for  a  flexible,  supercritical  wing. 
The  program  utilizes  an  existing  target  drone  (Teledyne  Ryan  Firebee  11)  modi- 
fied  for  use  as  a  test-bed  aircraft.  The  Firebee  I1 is a  highly  maneuverable, 
supersonic  aircraft  designed  for  relatively  high  load  factors  and  equipped  with 
elevons  for  pitch  and  roll  control.  For  the  flight  test  program  the  production 
wing of the  test-bed  aircraft  will  be  replaced  with  a  new  aeroelastic  research 
wing  that  was  designed  to  flutter  within  the  flight  envelope  of  the  research 
vehicle.  The  geometry  of  the  research  wing  is  a  scaled  version  of  the  super- 
critical  wing  used  in  the  flight-test  program  reported  in  reference 1 .  
A  wind-tunnel  investigation  was  conducted  to  provide  data  for  the  assess- 
ment  of  stability  and  control  characteristics  and  for  the  design  of  the  flight- 
vehicle  control  system  to  ensure  the  success  of  the  proposed  flight  tests.  In 
addition,  these  data  are  needed  to  provide  vehicle  flight  characteristics  to  a 
computer  simulation  program  that  provides  assistance  in  planning  and  execution 
of  specific  flight-research  missions  and  for  the  assessment  of  structural  load- 
ings  at  critical  points  in  the  flight  envelope. 
The  purpose  of  this  paper  is  to  document  the  results,  with  limited  anal- 
ysis,  of  wind-tunnel  measurements  of  the  total  aerodynamic  forces  and  moments 
for  a  1/6-scale  force  model  of  the  Firebee  I1  aircraft  equipped  with  an  NASA 
supercritical  wing.  The  wind-tunnel  tests  were  conducted  in  the  Langley  8-foot 
transonic  pressure  tunnel  at  Mach  numbers  from 0.400 to 0.980, angles  of  attack 
from approximately -4O to  12O,  a n g l e s  of s ides l ip  from approximately 60 to  -60, 
and a t  a Reynolds number of  approximately 6.6 x 1 O6 per meter. 
SYMBOLS 
All da ta  p re sen ted  he re in  are r e fe renced  to a s t ab i l i t y -ax i s  sys t em 
(ref .  2 ) .  T o t a l  force and moment data  have  been  reduced t o  convent iona l  coef- 
f i c i e n t  form  based on the  geometry  of  the  re ference  wing  p lanform,  tha t  is, t h e  
planform produced by e x t e n d i n g  t h e  s t r a i g h t  l e a d i n g  a n d  t r a i l i n g  e d g e s  of t h e  
outboard   sec t ions   o f   the  wing to t h e   f u s e l a g e   c e n t e r   l i n e .  The t o t a l  p i t ch ing -  
moment c o e f f i c i e n t s  a r e  r e f e r e n c e d  to  the  qua r t e r - chord  po in t  o f  t he  mean geo- 
metric chord   of   the   re fe rence   wing   pane l .   This   po in t  is l o c a t e d  a t  model sta- 
t i o n  0.76 m. All dimensions are g iven   i n  SI units;  however,  measurements  and 
c a l c u l a t i o n s  were made i n  U . S .  Customary Units. 
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C streamwise local  chord of wing ( includes  leading-edge  love  and 
t r a i l i ng -edge  ex tens ion )  
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pitching-moment  coefficient  at  zero  lift 
8%  8% 
effect  of  speed  on  pitching-moment  coefficient, M - + pu2 - 
aM  aq 




slope  of  pitching-moment  coefficient  against  angle-of-attack  curve, 
per  deg 
2% 
a6e 
elevon  effectiveness in  pitch  parameter, - , per  deg 
Yawing  moment 














t t e  
U 
effect  of asymmetric elevon deflection on yawing-moment coefficient,  
a cn 
ab a 
-, per deg 
ACn 
Ab r 
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side-force  parameter, - , per deg 
effect  of asymmetric elevon deflection on side-force coefficient, 
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effect  of rudder deflection on side-force coefficient, - I per deg 
free-stream Mach  number 
dz 
local  airfoil   slope,  - 
dx 
free-stream static  pressure 
static pressure at fuselage base 
free-stream dynamic pressure 
free-stream Reynolds number per meter 
planform area of basic wing panels ( i n c l u d i n g  fuselage intercept) 
local wing thickness 
airfoil trailing-edge thickness 
forward speed 
4 
streamwise  distance  measured  from  leading  edge  of  total  wing  planform, 
positive  toward  wing  trailing  edge 
spanwise  distance  measured  normal  to  model  plane  of  symmetry,  zero 
at fuselage  center  line 
vertical  distance  from  wing  reference  chord 
vertical  location  of  wing  reference  chord  line  at  fuselage  plane  of 
symmetry;  water  line, 0.024 m  (fig. 1 (c)) 
angle  of  attack  relative  to  fuselage  reference  line  (see  fig.  l(c)), 
deg 
angle  of  sideslip,  deg 
effective  asymmetric  elevon-deflection  angle  (positive  trailing 
%IL - &HR 
edge  own) , I deg 
2 
symmetric  elevon  deflection  angle  (positive  trailing  edge  down),  deg 
h a  
symmetric  elevon-control  sensitivity, - 
c, 'e 
left  elevon  deflection  angle  (positive  trailing  edge  down),  deg 
right  elevon  deflection  angle  (positive  trailing  edge  down),  deg 
rudder  deflection  angle  (positive  trailing  edge  left),  deg 
AC, /AB 
rudder-control sensitivity, - " I 
Acn /A' r 
angle  of  twist  of  local  airfoil  section  (angle  between  the  wing 
reference  chord  line  and  a  line  through  the  nose  and  a  point  midway 
between  the  upper  and  lower  surfaces t the  airfoil  maximum  thick- 
ness) , deg 
test-medium  density 
APPARATUS AND PROCEDURE 
Model  Description 
The  wind-tunnel  investigation  utilized  a  1/6-scale  force  model  of  the 
test-bed  aircraft  with  a  scaled-down  version  of  the NASA supercritical  wing 
developed  for the F-8 flight-test  program  (ref. 1 ) .  The  general  arrangement  of 
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the wind-tunnel model is shown i n  f i g u r e  1 (a) ; Some per t inent  d imens ions  are 
shown i n  f i g u r e  l ( b ) ;  a n d  v a r i a t i o n  of fuse l age  c ros s - sec t iona l  shape  is shown 
i n  f i g u r e  1 (c) ; and photographs of the model mounted in the wind tunnel are 
shown i n  f i g u r e  2. The  wing  had an aspect r a t io  o f  6.8, a t ape r  ra t io  of 0.36, 
and a sweepback ang le  o f  t he  qua r t e r - chord  l i ne  o f  42.24O. Nondimensional coor- 
d i n a t e s  u s e d  to fabricate t h e  model  wing are p r e s e n t e d  i n  t a b l e  I. An a i r f o i l  
shape and a typica l  var ia t ion  of  shape  and  upper  and  lower s u r f a c e  slopes are 
shown i n  f i g u r e  3. These data  were obta ined  f rom coord ina tes  presented  in  
t a b l e  I and from measurements of the wing a t  the 70-percent-semispan s ta t ion.  
Wing twist d i s t r i b u t i o n s  are shown i n  f i g u r e  4. Var ia t ions   o f  wing thickness- 
to-chord ra t io  and  t r a i l i ng -edge  th i ckness  are shown i n  figure 5. As shown i n  
f i g u r e  5 ( b )  t h e  t r a i l i n g  e d g e  for t h e  model  wing was squared to f a c i l i t a t e  fab- 
r i ca t ion ,  whereas  the  wing t r a i l i n g  e d g e  f o r  t h e  f l i g h t  v e h i c l e  was beveled 
(table I ) ;  t h i s  a l t e r a t i o n  was not  expected t o  have a n o t i c e a b l e  e f f e c t  on t h e  
wing aerodynamics. The angle  of  incidence of t h e  wing re ference  chord  a t  t h e  
f u s e l a g e  c e n t e r  l i n e  was oO. 
The model f u s e l a g e  was equipped with a s ing le  f low- th rough  duc t  t ha t  simu- 
l a t e d  t h e  i n t a k e  a n d  e x i t  e n g i n e  duc ts .  The a f t  end  of  the  fuse lage  was modi- 
f i e d  t o  allow fo r   t he   w ind- tunne l   s t i ng   suppor t .  (See f i g .  6 . )  The  modifi- 
ca t ion  de le ted  approximate ly  18  cm o f  t h e  a f t  f u s e l a g e  to  provide a 5.1-cm- 
d iameter  c learance  hole  through the  fuse lage  t o  t h e  b a l a n c e  c a v i t y  f o r  t h e  s t i n g  
suppor t .  Four  s ta t ic -pressure  orifices were located on t h e  e x i t  d u c t  wall near 
the base,  and t w o  s t a t i c - p r e s s u r e  o r i f i c e s  were located in  the  fuse l age  ba lance  
c a v i t y .  The e x i t - d u c t  s t a t i c - p r e s s u r e  o r i f i c e s  complemented a 16-tube total-  
p r e s s u r e  rake that  provided measurements  of  internal  drag and mass-f low data .  
A photograph of the rake a t t a c h e d  t o  t h e  a f t - f u s e l a g e  e x i t  d u c t  is p resen ted  
i n  f i g u r e  2 ( b ) .  The k e e l  and  parachute riser hous ing  o f  t he  fu l l - s ca l e  veh ic l e  
were also simulated on the  model ( f i g s .  2 and 6) . 
Deflec ted  rudder  da ta  were ob ta ined  by us ing  rudde r s  t ha t  were f a b r i c a t e d  
to  p rede te rmined  de f l ec t ion  ang le s  of Oo and -loo. The r i g h t  a n d  l e f t  elevons 
were a t t a c h e d  i n  a manner which allowed manually variable independent deflec- 
t ions  of   each  e levon  in   the  range  f rom -15O to go. The range  of  rudder  deflec- 
t i o n  f o r  t h e  f l i g h t  v e h i c l e  is from -loo to loo, and the range of e levon def lec-  
t i o n  is from  -120 to  7O. 
T e s t  F a c i l i t y  
The i n v e s t i g a t i o n  was conducted in  the Langley 8-foot  t ransonic  pressure 
t u n n e l   ( r e f .  3 ) .  T h i s   f a c i l i t y  is a cont inuous- f low,   s ing le- re turn ,   s lo t ted-  
t h r o a t  t u n n e l  h a v i n g  c o n t r o l s  t h a t  allow fo r  t he  independen t  va r i a t ion  o f  Mach 
number, density,   temperature,   and  dewpoint.   The test  s e c t i o n  is square   in  cross 
sect ion with the upper  and lower walls a x i a l l y  slotted (each wall having an open 
ra t io  of approximately 0.06) to  permi t  changing  the  tes t - sec t ion  Mach number 
cont inuous ly   th rough  the   t ransonic   speed   range .  The s t a g n a t i o n  p r e s s u r e  i n  t h e  
tunnel  can be var ied from a minimum value of  about  0.25 atmosphere a t  a l l  t es t  
Mach numbers to a maximum value of  approximately 1 . 5  atmospheres a t  t r a n s o n i c  
Mach numbers and to  approximately 2.0 atmospheres a t  Mach numbers of 0.400 or 
less. 
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Boundary-Layer T r a n s i t i o n  
Boundary-layer  t ransi t ion on the model was determined with the a id  of 
r e f e r e n c e s  4 and 5 and from experience gained with similar wind-tunnel models. 
F ixed- t r ans i t i on  strips were u s e d  t h a t  c o n s i s t e d  o f  0.25-cm-wide bands of 
carborundum g r a i n s  embedded i n  a plastic adhesive.  The s i z e  and  loca t ion  of 
t h e  t r a n s i t i o n  s t r i p s  are p r e s e n t e d  i n  f i g u r e  7. The outboard  por t ion  of t h e  
wing upper surface s t r i p  was p o s i t i o n e d  i n  a conven t iona l  l oca t ion  nea r  t he  
lead ing  edge  (10  percent  c ) ,  and the lower s u r f a c e  s t r ip  was p o s i t i o n e d  well 
a f t  (22  percent  c) of the  l ead ing  edge  to p r e v e n t  a n  u n r e a l i s t i c a l l y  t h i c k  
boundary-layer  buildup  ahead of the t ra i l ing-edge cusp region.  The more for-  
ward l o c a t i o n s  of the  inboa rd  po r t ions  o f  t he  wing upper  sur face  s t r i p  were 
based   on   p rev ious   i nves t iga t ions   ( r e f .  1 ) .  The sur face   forward   of   the  strips 
on a l l  r eg ions  o f  t he  model was k e p t  e x c e p t i o n a l l y  smooth to maintain laminar  
flow. 
Measurements and Test Condit ions 
Measurements were ob ta ined  to eva lua te  the  long i tud ina l  and  lateral- 
d i r e c t i o n a l  c h a r a c t e r i s t i c s  f o r  t h e  model over  ranges of a n g l e  of a t tack 
from about -4O to  12O, ang le  o f  s idesl ip  from about -6O t o  6O, and Mach  num- 
ber from about 0.400 to  0.980, a l l  f o r  a Reynolds number of approximately 
6.6 x l o 6  per  meter. Static aerodynamic  force  and moment measurements were 
ob ta ined  by means of an internally mounted six-component strain-gage balance 
which, i n  t u r n ,  was r i g i d l y  mounted to  a tapered  s t ing-support   system. Basic 
l o n g i t u d i n a l  data were o b t a i n e d  f o r  a l l  con t ro l  su r f aces  unde f l ec t ed .  In  
addi t ion ,  yaw-cont ro l  da ta  were ob ta ined  by rudder  def lect ion,  and pi tch-  and 
r o l l - c o n t r o l  data were ob ta ined  by symmetric and asymmetric e l e v o n  d e f l e c t i o n s ,  
r e s p e c t i v e l y .  
The s ta t ic  p res su res  in  the  ba l ance  cav i ty  and  in  the  p l ane  o f  t he  model 
base were recorded for de te rmina t ion  o f  t he  base drag by u s i n g  d i f f e r e n t i a l -  
p r e s s u r e  t r a n s d u c e r s  r e f e r e n c e d  to  the   f ree-s t ream s ta t ic  p res su re .  The 
i n t e r n a l - d r a g  c o e f f i c i e n t s  were determined from measurements of the total- 
p r e s s u r e  d i s t r i b u t i o n  a n d  t h e  s ta t ic  p r e s s u r e  i n  t h e  d u c t  e x i t  area. 
Accuracies and Correct ions 
The maximum a l lowable  loadings  for  the  s ix-component  ba lance  used  in  th i s  
i n v e s t i g a t i o n  were as follows:  normal  force,  1890 N; a x i a l  force, 378 N; s i d e  
force,  1779 N; p i t c h i n g  moment,  226 N-m; r o l l i n g  moment,  23 N-m; and  yawing 
moment, 113 N-m. The  accuracy of each  component  of  the  balance was es t ima ted  
to be ha l f  o f  1 p e r c e n t  of t h e  maximum value.  
The d i f fe ren t ia l -pressure  t ransducers  used  wi th  the  scanning-va lve  uni t s  
for t h e  s ta t ic  and rake to ta l  pressures  had  a maximum range  of  17.2 kN/m2. The 
e s t ima ted  accu racy  o f  t hese  t r ansduce r s  was 1 pe rcen t  o f  t he  m a x i m u m  range. 
The measured angles of attack have been corrected f o r  d e f l e c t i o n s  o f  t h e  
model support  s t ing and balance which occurred as a resu l t  o f  aerodynamic  loads 
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on the  model .  Fur ther  cor rec t ions  to the measured angles  of  at tack were made 
f o r  t h e  t u n n e l  airflow a n g u l a r i t y .  A t  t h e  maximum l i f t  c o e f f i c i e n t s ,  t h e  a n g l e s  
of attack are es t ima ted  to be within +0.lo;  and near cruise l i f t  c o e f f i c i e n t s ,  
t he  ang le s  o f  attack are es t ima ted  to  be w i t h i n  20.05O. The accuracies f o r  t h e  
a n g l e s  o f  s i d e s l i p  are e s t ima ted  to be approximately 0.lo. 
The d rag  results presented  here in  have  been  cor rec ted  for t h e  i n t e r n a l  d r a g  
o f   t he   eng ine  a i r  d u c t  (see f ig .   8 )   and   fo r   t he   fu se l age   base  pressure Cp,b. 
N o  correct ions have been appl ied to t h e  d a t a  f o r  s t i n g - i n t e r f e r e n c e  e f f e c t s  o t h e r  
than exclusion of  the base drag from the t o t a l  measured drag. However , t h e  model 
s u p p o r t  s t i n g  was s e l e c t e d  on t h e  b a s i s  of r e f e r e n c e  6 to min imize  s t ing  in t e r -  
f e r e n c e  a t  near-sonic  Mach numbers.   Furthermore,   no  corrections  have  been 
a p p l i e d  to t h e  d a t a  f o r  t h e  e f f e c t s  o f  e i t h e r  solid w a k e  blockage or l i f t  i n t e r -  
f e r e n c e  due to  wall  e f f e c t s .  The estimated accuracy of  Mach number was 0.003. 
PRESENTATION  OF  RESULTS 
The results o f  t h i s  i n v e s t i g a t i o n  are p r e s e n t e d  i n  t h e  f o l l o w i n g  f i g u r e s :  
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DISCUSSION OF RESULTS 
Longitudinal Aerodynamic Character i s t i c s  
The longitudinal aerodynamic characteristics of the model are presented 
i n  figure 9 as a function of angle of attack for sideslip angles of Oo and 2.2O 
and for Oo elevon deflection. The data indicate that differences of  more than 
a few percent for corresponding values of the coefficients do not appear u n t i l  
a Mach  number  of 0.950 is obtained. There was very l i t t l e  d i f fe rence  i n  the 
longitudinal aerodynamic characteristics for sideslip angles of Oo and 2.2O 
over the range of Mach numbers investigated. 
The longitudinal aerodynamic characteristics of the model are presented 
i n  figure 10 as a function of sideslip. The data show variations of the longi- 
tudinal coefficients over a range of sideslip angles from approximately -6O 
to 6O for average angles of attack of 2.2O (range from 2. l o  to  2.3O) and 5 .6O 
(range from 5.3O to 5.7O) i n  the test Mach  number range. The data show a 
negligible effect of sideslip on the l i f t  and drag coefficients and a more 
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n o t i c e a b l e  effect of s i d e s l i p  on the pi tching-moment  coeff ic ient .  A minimum 
pitching-moment c o e f f i c i e n t  was gene ra l ly  deve loped  for a s i d e s l i p  a n g l e  n e a r  
or s l i g h t l y  g r e a t e r  t h a n  Oo. A s  t h e  Mach number was i n c r e a s e d ,  t h e  e f f e c t  of 
s idesl ip  on  the  pi tching-moment   coeff ic ient  also i n c r e a s e d .   I n   a d d i t i o n ,   t h e  
d a t a  i n d i c a t e  t h a t  t h e  effect of s ides l ip  on  the  p i t ch ing -moment  coe f f i c i en t  
was l a rge r  fo r  an  ave rage  ang le  of attack o f  5.6O t h a n  t h e  e f f e c t  o f  s i d e s l i p  
for an  average  angle  of a t tack of 2.2O t h roughou t  t he  Mach number range except  
f o r  a Mach  number of 0.900 where limited d a t a  were ob ta ined .  
The e f f e c t  of symmetric e l evon  de f l ec t ion  on  the  long i tud ina l  ae rodynamic  
c h a r a c t e r i s t i c s  is p r e s e n t e d   i n   f i g u r e  1 1 .  Data are p r e s e n t e d   f o r   d e f l e c t i o n  
a n g l e s  of -6O, - 3 O ,  Oo, and 3O and for t h e  tail-off condi t ion.   The  data   indi-  
c a t e  t h a t  t h e  l i f t  c o e f f i c i e n t  i n c r e a s e d  a n d  t h e  p i t c h i n g - m o m e n t  c o e f f i c i e n t  
decreased  as e l evon  de f l ec t ion  was var ied  f rom -6O to 3O.  I n  g e n e r a l ,  t h e  
resu l t s  i n d i c a t e  t h a t  t h e  model could have been trimmed throughout  the  range  
f o r  Mach numbers f o r  l o w  to moderate a n g l e s  o f  a t tack  for a r e l a t i v e l y  small, 
symmetric e l evon  de f l ec t ion  ang le .  
The v a r i a t i o n  w i t h  Mach number o f  t h e  a n g l e  of attack a t  which a pitch-up 
cond i t ion  occur s  is shown i n  f i g u r e  12 f o r  t h e  basic d a t a  p r e s e n t e d  i n  f i g u r e  9. 
I n c l u d e d  i n  t h e  f i g u r e  a r e  d a t a  from p r e v i o u s  i n v e s t i g a t i o n s  o f  similar wing 
d e s i g n s  ( r e f s .  7 and 8 ) . ,  The d a t a  o f  f i g u r e  12 ind ica te  an  approximate  p i tch-  
up a n g l e  of at tack of about  7O f o r  Mach numbers  from  about  0.700 to 0.950. A t  
Mach numbers  below  and  above th i s  r ange ,  t he  p i t ch -up  ang le  o f  a t tack is ind i -  
c a t e d  to  b e  s u b s t a n t i a l l y  h i g h e r .  The angle  of  a t tack a t  t h e  c r u i s e  c o n d i t i o n  
f o r  t h i s  f l i g h t  c o n f i g u r a t i o n  was determined to be approximately 4O based on 
t h e  r e s u l t s  from a p r e v i o u s  f e a s i b i l i t y  s t u d y  ( ref .  9)  and f i g u r e  9 ( f )  ( f o r  t h e  
f o l l o w i n g   c r u i s e   c o n d i t i o n s :  CL = 0.36; M = 0.980; a l t i t u d e ,  13.72 km; and 
R = 3.33 x l o 6 ,  f u l l  scale) . This  va lue  for ang le  o f  at tack is s u b s t a n t i a l l y  
smaller than  the  p i tch-up  angle  of  attack shown by t h e  r e s u l t s  o f  f i g u r e  12. 
Pitch-up w i l l  n o t  be a p r o b l e m  f o r  t h e  r e s e a r c h  f l i g h t s  p l a n n e d  f o r  t h e  f l i g h t  
v e h i c l e  s i n c e  a n g l e  o f  attack w i l l  be  he ld  to less than  6O. However, f o r  
f l i g h t  c o n d i t i o n s  a t  ang le s  of attack la rger  than  60  the  addi t ion  of  underwing  
leading-edge  vor tex  genera tors  can  be  used  to pos tpone  the  p i tch-up  angle  of  
at tack to h igher  va lues  ( ref .  10) . 
The d rag  cha rac t e r  istics for t h e  model a r e  p r e s e n t e d  i n  f i g u r e  1 3  as a 
func t ion  of Mach number f o r  l i f t  c o e f f i c i e n t s  of 0.20,  0.36,  and  0.50. The 
d a t a  show a c h a r a c t e r i s t i c  d r a g  r ise  a t  t h e  h i g h e r  Mach numbers (from 0.800 
to 0.980).  The drag-divergence Mach number (drag-divergence Mach number is 
de f ined  as the  Mach  number a t  which aCD/aM = 0.10) a s  a f u n c t i o n  o f  l i f t  c o e f -  
f i c i e n t  is p r e s e n t e d  i n  f i g u r e  1 4 .  The d a t a  o f  f i g u r e  1 4  i n d i c a t e  a maximum 
drag-divergence Mach  number f o r  a l i f t  c o e f f i c i e n t  of about 0.15 and a s l i g h t  
r educ t ion  in  the  va lue  o f  t he  d rag -d ive rgence  Mach number f o r  o t h e r  v a l u e s  of 
l i f t  c o e f f i c i e n t .  A t  t h e  d e s i g n  l i f t  c o e f f i c i e n t  of 0.36,  the data i n d i c a t e  
a drag-divergence Mach number of approximately  0 .94.   This   value  corresponds 
to a drag-divergence Mach number o f  0.96 which was o b t a i n e d  f o r  t h e  F-8 con- 
f i g u r a t i o n  reported i n  r e f e r e n c e  1 .  
( I t  is o f  i n t e r e s t  to n o t e  t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r i m a r y  
wing-design  emphasis  between  the F-8 c o n f i g u r a t i o n  ( r e f .  1 )  and t h e  F i r e b e e  I1 
r e s e a r c h  v e h i c l e  o f  t h i s  i n v e s t i g a t i o n .  The F-8 c o n f i g u r a t i o n  was designed t o  
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demonstrate  optimum  cruise  condition (CL = 0.40; M = 0.970; altitude, 6.4 km) 
for  a  supercritical  wing  representative  of  that  for  an  advanced  transport 
designed  for  near-sonic  flight. The  Firebee I1 was  configured  with  the  super- 
critical  wing  used on the F-8 configuration  without  effort  to  optimize  the 
performance on the  Firebee  vehicle. The primary  purposes  of  the  present  tests 
are  to  aid  in  the  development  and  analysis  of  active  control  systems  for  flutter 
suppression  and  to  obtain  measurements  of  aerodynamic  loadings  for  this  aero- 
elastic  research  wing at  high  subsonic  and  transonic  Mach  numbers  at  load  fac- 
tors up to  2.5g. The full-scale  Reynolds  number  (based on the  wing  mean  aero- 
dynamic  chord)  for  the F-8 configuration  was  approximately 10.6 x 1 O6 at  the 
design  condition;  for  the  Firebee I1 configuration,  the  fuli-scale  Reynolds 
number  is  estimated  to  be  about 3.7 x 106 (ref. 9) . ) 
The  variation  of  zero-lift  pitching-moment  coefficient  with  Mach  number  is 
shown  in  figure 15 for Oo elevon  deflection. The  data  indicate  a  small  change 
in  the  magnitude  of  the  zero-lift  pitching-moment  coefficient  in  the  Mach  number 
range  from 0.400 to 0.925 and  a  substantial  increase  in  the  magnitude  of  the 
pitching-moment  coefficient at higher  Mach  numbers. A positive  value  for  the 
zero-lift  pitching-moment  coefficient is indicated  throughout  the  range  of  Mach 
numbers . 
Variation  of  the  derivative C with  Mach  number  is  presented  in  fig- % 
ure 16 for  an  elevon  deflection  of Oo. Data  are  presented  for  a  range  of  lift 
coefficients  from 0 to 0.50. The  data  indicate  negative  values  for C in 
W L  
the  range  of  test  Mach  numbers  and  a  significant  increase  (negative)  in  the 
magnitude  of C for  Mach  numbers  greater  than 0.900. This  rapid  change  in 
W L  
the  value  of  the  derivative is primarily  attributed  to  the  change  in 
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pitching  moment  associated  with  a  rearward  shift  in  the  position  of  the  wing 
center  of  pressure  with  increasing  Mach  number. 
Variation  of  the  lift-curve  slope  with  Mach  number  is  presented  in  fig- 
ure 17 for  an  angle-of-attack  range  from l o to 5O and  an  elevon  deflection  of Oo.
The  data  show  a  gradually  increasing  lift-curve  slope  with  a  greater  rate  of 
increase  for  Mach  numbers  greater  than 0 . 8 0 0  and  a  maximum  lift-curve  slope at 
a  Mach  number of 0.950.  
Variation  of  the  pitching-moment-curve  slope  with  Mach  number  is  presented 
in  figure 18. These  data  show  that  the  model  was  statically  stable  in  the  range 
of test  numbers,  with  a  significant  increase  in  the  static  stability  for  Mach 
numbers  between 0 . 8 0 0  and 0.980. This  increase  in  longitudinal  stability  with 
Mach  number  was  accompanied  by  a  positive  increase  of  the  zero-lift  pitching- 
moment  coefficient  (fig. 15)  which  tends  to  off  set  the  pitching-moment- 
coefficient  trim  increment  resulting  from  increased  stability. 
Variation  of  the  drag-curve  slope  with  Mach  number  is  presented  in  fig- 
ure 19. These  data  which  were  obtained  from  the  results  of  figure 9 are pre- 
sented  for  angles  of  attack  from 1 0  to 5 0  and  for Oo elevon  deflection.  Large 
variations  of  the  drag-curve  slope  are  indicated  for  the  range  of  Mach  numbers 
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from 0.800 to 0.980. The angle   o f  attack for minimum drag  (i.e., when C D ~  = 0) 
is shown to increase from a v a l u e  s l i g h t l y  l a r g e r  t h a n  l o  a t  Mach numbers i n  
the range from 0.400 to about 0.700 or 0.800 to  a n  a n g l e  of attack of 2O a t  a 
Mach number o f  0.970. Both angle  of attack and Mach number have  cons iderable  
effect on  the  drag-curve  s lope .  
V a r i a t i o n s  o f  e l e v o n  e f f e c t i v e n e s s  o n  l i f t  a n d  p i t c h i n g  moment and var ia-  
t i o n  of e l evon-con t ro l  s ens i t i v i ty  wi th  Mach number are p r e s e n t e d  i n  f i g u r e s  20, 
21, and 22, r e s p e c t i v e l y .  These data were ob ta ined  for an  angle-of-attack 
range from 2O to  6O and symmetric e l evon  de f l ec t ions  o f  -6O, -3O, Oo, and 3O. 
The l i f t  e f f e c t i v e n e s s  ( f i g .  20) and  the  pi tching-moment   effect iveness   ( f ig .  21) 
i n c r e a s e d  g r a d u a l l y  as Mach number was inc reased  from 0.400 to  0.980. The l i f t  
e f f e c t i v e n e s s  i n c r e a s e d  about 33 percent  and the pi tching-moment  effect iveness  
increased   about  40 percen t .  The symmetric e l e v o n - c o n t r o l   s e n s i t i v i t y   ( f i g .  22) 
i n c r e a s e d  s l i g h t l y  for Mach numbers up to  about 0.900. As Mach number was 
var ied from 0.900 to 0.980, t h e  e l e v o n - c o n t r o l  s e n s i t i v i t y  more than doubled i n  
magnitude. The data ( f i g .  22) i n d i c a t e   t h a t  a t  the   h igher  Mach numbers (Mach 
numbers g r e a t e r  t h a n  0.900) a larger  change of symmetric e l evon  de f l ec t ion  is 
requ i r ed  to e f f e c t  a given degree of change of angle of attack than a t  t h e  lower 
Mach numbers. 
The ra te  of change of t h e  l i f t ,  p i t c h i n g  moment, a n d  d r a g  r e l a t i v e  to Mach 
number are p r e s e n t e d  i n  f i g u r e s  23, 24, and 25 as a func t ion  of  Mach number, 
r e s p e c t i v e l y .  Data are shown for ang le s  of attack of 2O,  3O, and 4O and for 
symmetric e l evon  de f l ec t ions  o f  -6O, Oo, and 3O. These data are u s e f u l  i n  
de t e rmin ing   t he   speed   e r iva t ives  CL,, Cmu, and CD which are r e q u i r e d   f o r  
dynamic - s t ab i l i t y  ana lys i s  of t h e  f l i g h t  c o n f i g u r a t i o n .  The data,  i n  g e n e r a l ,  
i n d i c a t e  a r e l a t i v e  i n s e n s i t i v i t y  to Mach number i n  t h e  low-speed range (i.e., 
f o r  Mach numbers between 0.400 and 0.800); however, f o r  Mach numbers g r e a t e r  
than 0.800, a l l  those d e r i v a t i v e s  v a r y  r a p i d l y  w i t h  i n c r e a s i n g  Mach number and 
approach very large magnitudes.  
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La te ra l -Di rec t iona l  Aerodynamic Characteristics 
V a r i a t i o n s  of t h e  l a t e r a l - d i r e c t i o n a l  a e r o d y n a m i c  c o e f f i c i e n t  w i t h  a n g l e  
of s i d e s l i p  are p r e s e n t e d  i n  f i g u r e  26 for  average  angles  of  a t tack o f  2.2O 
and 5.6 ( ranges  f rom 2.1° to  2.3O and 5.3O to 5.7O, respec t ive ly)   and  for a 
range of Mach numbers  from 0.400 to 0.980. The data i n d i c a t e  a n e a r l y  l i n e a r  
v a r i a t i o n  o f  t h e  l a t e r a l - d i r e c t i o n a l  a e r o d y n a m i c  c o e f f i c i e n t s  w i t h  a n g l e  o f  
sideslip. A s i z a b l e  e f f e c t  o f  a n g l e  o f  at tack is i n d i c a t e d  f o r  t h e  r o l l i n g  
moments and a small or n e g l i g i b l e  e f f e c t  of ang le  o f  attack is i n d i c a t e d  for 
the yawing moment and side force  throughout  the  Mach number range. 
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Var ia t ions  o f  the l a t e r a l - d i r e c t i o n a l  a e r o d y n a m i c  c o e f f i c i e n t s  w i t h  a n g l e  
of attack are p r e s e n t e d  i n  f i g u r e  27 f o r  s idesl ip  a n g l e s  o f  Oo and 2O. The 
data i n d i c a t e  a small or n e g l i g i b l e  e f f e c t  o f  a n g l e  o f  attack on t h e  r o l l i n g -  
moment c o e f f i c i e n t  f o r  a s i d e s l i p  a n g l e  o f  Oo and for an angle-of-attack range 
from about -2O to 6O. A t  angles  of  attack above 6O and for Mach numbers of 
0.400 and 0.980, t h e  data show tha t  t he  ro l l i ng -moment  coe f f i c i en t  became l a r g e r  
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as ang le  of attack was increased.  
the rol l ing-moment  coeff ic ient  for 
t h e  Mach number r a n g e .   I n   s e v e r a l  
A 
a 
s i g n i f i c a n t  e f f e c t  o f  a n g l e  of attack on 
s i d e s l i p  a n g l e  of 2O is shown throughout 
cases, p e a k s  are observed  in  the  curve  of  
rol l ing-moment  coeff ic ient  a t  or near  the  angle  of attack where a break occurs 
i n  t h e  l i f t  c u r v e  a n d  w h e r e  p i t c h - u p  is also ind ica t ed .  (See, for example, 
f i g .   27 (c )   and   f i g .   9 (c ) . )   Th i s  effect can be  expected  with  asymmetric flow 
c o n d i t i o n s  a t  a n g l e s  of sideslip o the r  t han  00. A small effect of a n g l e  of 
attack is also shown f o r  t h e  yawing-moment c o e f f i c i e n t  ( f i g .  2 7 ) .  A gradua l  
reduct ion  of  yawing-moment c o e f f i c i e n t  w i t h  i n c r e a s i n g  a n g l e  of attack charac- 
t e r i z e s  t h e  d a t a  for s idesl ip  ang le s  of Oo and 2O i n  t h e  Mach number range 
from 0.800 to  0.980.  The s i d e - f o r c e  c o e f f i c i e n t  shows a n e g l i g i b l e  effect of 
angle  of  attack a t  s i d e s l i p  a n g l e s  o f  Oo and 2O throughout the Mach number range. 
The e f f e c t  o f  a s y m m e t r i c  e l e v o n  d e f l e c t i o n  o n  t h e  l a t e r a l - d i r e c t i o n a l  aero- 
dynamic c h a r a c t e r i s t i c s  is p r e s e n t e d  i n  f i g u r e  28. These data show v a r i a t i o n s  
of the rolling-moment, yawing-moment, and  s ide - fo rce  coe f f i c i en t s  w i th  ang le  of 
attack for  th ree  asymmetr ic  e levon def lec t ions  of Oo, 3O, and 6O, and a s i d e s l i p  
angle  of  Oo in  the  range  of  tes t  Mach numbers.  The o f f s e t s  o f  t h e  c o e f f i c i e n t s  
for unde f l ec t ed  e l evons  are a t t r i b u t e d  t o  asymmetry  of  the model. The v a r i a t i o n  
o f  t h e  c o e f f i c i e n t s  w i t h  a n g l e  o f  attack is g e n e r a l l y  smooth;  however, data f o r  
the rol l ing-moment  coeff ic ient  a t  the  h igher  Mach numbers o f  0.900 and 0.980 
( f i g s .  2 8 ( c )  a n d  2 8 ( d ) ,  r e s p e c t i v e l y )  show s i g n i f i c a n t  n o n l i n e a r  v a r i a t i o n s  n e a r  
a n g l e s  o f  attack where a p i tch-up   condi t ion  (Cm = 0) occurs ( f ig .   9 ) .   These  
v a r i a t i o n s  are considered to be  pr imar i ly  associated with asymmetric wing s t a l l  
( a n  e f f e c t  also n o t e d  i n  r e f .  1 1 ,  which reports on a similar s t u d y  f o r  t h e  
r e sea rch  o f  r e f .  1 )  and occur a t  l i f t  c o e f f i c i e n t s  t h a t  are well beyond t h e  
o p e r a t i n g  r a n g e  o f  t h e  f l i g h t  v e h i c l e .  The data also show a gene ra l  r educ t ion  
of yawing-moment c o e f f i c i e n t  d u e  to rol l  cont ro l  wi th  increas ing  angle  of  at tack 
i n  t h e  test  Mach number range. A change  from p o s i t i v e  to  nega t ive  yawing- 
moment c o e f f i c i e n t s  is i n d i c a t e d  for Mach numbers of 0.900 and 0.980 a t  t h e  
h igher  angles  of attack. 
The e f f e c t  o f  rudde r  de f l ec t ion  on  the  l a t e ra l -d i r ec t iona l  ae rodynamic  
c h a r a c t e r i s t i c s  is p r e s e n t e d  i n  f i g u r e s  29 and 30. The data show v a r i a t i o n s  
of the roll ing-moment,  yawing-moment,  and side-force c o e f f i c i e n t s  w i t h  a n g l e  
of attack ( f i g .  29 )   and   ang le   o f   s ides l ip   ( f i g .  30)  f o r  rudder d e f l e c t i o n s  o f  
Oo and - loo  ( t r a i l i n g  e d g e  to  t h e  r i g h t ) .  The  primary e f f e c t  o f  rudder de f l ec -  
t i o n  is i n d i c a t e d  by t h e  r e l a t i v e l y  l a r g e  p o s i t i v e  yawing moments fo r  t he  r anges  
of  angle  of  a t tack ,  ang le  o f  s ides l ip ,  and  Mach number.  The data o f  f i g u r e  29 
also i n d i c a t e  t h a t  t h e  effect of rudde r  de f l ec t ion  on the rolling-moment coef- 
f i c i e n t  is decreased as t h e  a n g l e  o f  attack is inc reased ,  and  the re  is a neg- 
l i g i b l e  i n f l u e n c e  o f  a n g l e  o f  at tack on  the  yawing-moment and  s ide- force  coef- 
f i c i e n t s .  The r e s u l t s  o f  f i g u r e s  29 and 30 i n d i c a t e  t h a t  r u d d e r  d e f l e c t i o n  
p r o v i d e s  s i g n i f i c a n t  p o s i t i v e  d i r e c t i o n a l  c o n t r o l  a n d  smaller side e f f e c t s  o f  
r o l l i n g  moment a n d  s i d e  f o r c e .  
V a r i a t i o n s  of t h e  static l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  
with Mach number f o r  two angles  of  attack are p r e s e n t e d  i n  f i g u r e  31.  The data 
show t h a t  t h e  model had p o s i t i v e  e f f e c t i v e  d i h e d r a l  ( n e g a t i v e  v a l u e s  o f  t h e  
roll ing-moment derivative) and was d i r e c t i o n a l l y  stable ( p o s i t i v e  v a l u e s  of t h e  
yawing-moment de r iva t ive ) .   La rge   va r i a t ions   o f   t he   ro l l i ng -moment   de r iva t ive  
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are  shown  for  Mach  numbers  greater  than 0.800, with  the  more  severe  excursion 
shown  for  the  larger  angle  of  attack. The  yawing-moment  derivative  (the  direc- 
tional  stability  derivative)  and  the  side-force  derivative  generally  show  a  very 
small  effect  of  angle  of  attack. 
Variations  of  the  roll-control  derivatives  (asymmetric  elevon)  with  Mach 
number  are  presented  in  figure 32 for three  angles  of  attack.  These  data  were 
obtained  for  effective  asymmetric  elevon  deflections  of 00 (6HL = 00, 
6m = Oo), 3 O  (6, = 3O, 6m = -3O), and 60 (6, = 3O, 6, = -90) for 00 side- 
slip. The  data  show  that  roll-control  effectiveness  was  positive  (positive 
values  of  the  rolling-moment  derivative)  for  angles  of  attack  of Oo, 2O, and 4O. 
Near-constant  values  of  roll-control  effectiveness  were  developed  for  Mach  num- 
bers  up  to  about 0.900, and  larger  values  of  roll-control  effectiveness  were 
developed  at  the  higher  Mach  numbers  (about 0.900) for  angles  of  attack  of 2O
and 40. The  data also show  that  the  cross-control  derivative  (yawing  moment 
due  to  asymmetric  control)  was  positive  for  angles  of  attack  of Oo, 2O, and 4O 
and  that  the  derivative  decreased  slightly  with  increasing  angle  of  attack. 
The  cross-control  derivative  also  increased  as  the  Mach  number  was  increased. 
Negative  values  of  the  side-force  derivative  were  developed  for  the  ranges  of 
angle  of  attack  and  Mach  number,  and  larger  negative  values  of  side-force 
derivative  were  developed  as  Mach  number  was  increased. 
Variations  of  the  rudder-control  derivatives  with  Mach  number  are  pre- 
sented  in  figure 33 for  three  angles  of  attack. The  data  show  that  the  rudder- 
control  derivatives  were  not  significantly  affected  by  angles  of  attack  of Oo, 
2O, and 4O. The  rolling-moment  derivative  was  positive  and  essentially  unchanged 
in  the  Mach  number  range. The  data  also  indicated  positive  rudder  effectiveness 
(negative  values  of  the  yawing-moment  derivative).  The  yawing-moment  derivative 
increased  only  slightly  (to  larger  negative  values)  as  Mach  number  was  increased. 
The  side  force  due  to  directional  control  was  positive  also  and  increased  only 
slightly  as  Mach  number  was  increased. 
Variation  of  the  rudder-control  sensitivity  with  Mach  number  is  presented 
in  figure 34 for an  average  angle  of  attack  of 2.2O  (2.1° to 2.3O). The  data 
show  that  the  rudder-control  sensitivity  was  approximately  constant  for  the 
test  condition. 
CONCLUDING REMARKS 
A wind-tunnel  investigation  has  been  conducted  to  determine  the  longitu- 
dinal  and  lateral  static  stability  and  control  characteristics  of  a  1/6-scale 
force  model  of  a  remotely  piloted  research  vehicle  with  a  supercritical  wing. 
The  model  was  tested  at  Mach  numbers  from 0.400 to 0.980, at  angles  of  attack 
from  about -4O to 12O, and at  angles  of  sideslip  from  about -6O to  6O. 
The  model  exhibited  a  pitch-up  characteristic  at  an  angle  of  attack  of 
approximately 7O for  Mach  numbers  from 0.700 to 0.950. However,  the  pitch-up 
angle  of  attack  was  significantly  greater  €or  Mach  numbers  of 0.400 and 0.980. 
In general,  the  drag-divergence  Mach  number  (defined  as  the  Mach  number  where 
aC aM = 0.10 where CD and  M  represent  drag  coefficient  and  Mach  number, 
D/ 
1 4  
respectively)  decreased  slightly  as  lift  coefficient  was  increased.  The  model 
exhibited  longitudinal  characteristics  that  were  statically  stable  at  angles 
of  attack  up  to  and  significantly  greater  than  that  for  the  cruise  condition. 
Elevon  effectiveness  was  shown  to  be  sufficient  to  trim  the  model  throughout 
the  Mach  number  range.  The  model  was  directionally  stable  and  had  positive 
effective  dihedral  throughout  the  Mach  number  range.  Positive  effectiveness 
of the  roll  and  yaw  control  was  demonstrated  throughout  the  Mach  number  range. 
Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton,  VA 23665 
January 26, 1979 
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TABLE I.- WING COORDINATES ALONG STREAMWISE  CHORDS 
(a) Sketch  showing  semispan  stations for wing coordinates 
(ti 
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TABLE I.- Continued 
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,0394  
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e0340 
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,0307  
-0292  
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. a l t o  
, 0152  
, 0 1 5 5  
, 0 1 6 1  
. o l e 1  
- 0 2 3 7  
a0238 
- 0 2  74 
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- 0 3 1 7  
, 0 4 2 9  
e 0 5 0 5  
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.0702 
.( i422 
. o e l t  
lC04 
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= 0.643; c = 55.577 cm 
b/2 
1 








a O C 1 6  
. O E 3 P  
, 0657  










, 1120  
, 1 1 5 5  
. l l 8 @  
e1215 
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,1293  
.I282 
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- 1 2 0 6  
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, 0 2 7 3  
e0260  
, 0 2 3 4  
,0218  
,0199  
, 0 1 9 0  
.a188 
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.0201 
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,0254  
,0288 
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, 0425  
,0489  
, 0 5 6 6  
- 0 6 5 7  
ma767 
,0884  
, 0599  
1'373 
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- =  Y 
b/2 
0.702; c = 52.092 cm 
TABLE I.- Continued 
( f )  - Y = 0.702 to 0.819 
b/2 
- =  Y 
b/ 2 
0.760: c = 48.607 cm 
o.cooo 
.OOO6 
. O C l Z  
O C 2  5 
.GO37 
-0050 
- 0 0 7 5  
.0100 
- 0 1 5 0  
.0200 
- 0 2 5 0  
. c 3 7 5  
- 0  500  
. e750  
. l o o 0  
.1500  
- 1 7 5 0  
. z c o o  
-3000 
. 2500  
3500  
. 4000  
- 4   5 0 0  
e5000 
5 500 
4 0 0 0  
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- 7 5 0 0  
P O G O  
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sur face  
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a 1 2 6 6  
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. I 3 6 2  
, 1 3 6 6  
e1358  
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sur face  
Lower 
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e0420  
.C348 
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.03e3  
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- 0 2 2 7  
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O t  34 
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- 1 7 2 6  
1 3 9 2  
. 1 ? t 1  
. 1418  
1 4 3 0  
.144 7 
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.OE06 
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- 0 4 3 4  
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.U3?5 
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. 0 4 : 4  
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e0712  
~ ~ € 0 7  
.3$19 
. l o 3 9  
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1 7 7 5  
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, 1 1 9 9  
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t" 0.0000 -0OO6 
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TABLE I.- Concluded 
(4) - = 0.877 to 0.963 Y 
b/2 
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b/2 
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. .0779 . JRO 2 
.0.521 
' ~ O f l 6 1  
.!I947 
. til394 
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1C66 
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. l i t e  
- 1 1 8 5  
.123P 
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- 0 9 3 9  
. U d 4 4  
.OE71 
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.09H 8 
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,1198  
,1228  
1 2 8  5 
133 8 
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, 1 4 4 4  
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, 1 7 6 3  
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e1739 
, 1 7 1 4  
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. l t C A  
e0635 
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- 0 5 t 3  
- 0 5 5 3  
e0533 
.5525 
. O S C 6  
- 0 5 0 5  




- 0 6 3 2  
. e t 8 1  




e lC23  
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, 1 2 3 4  
.1344 
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- 1 5 4 3  
,1598  
. l e 0 5  
- 1 5 9 8  
. 1 5 c 9  
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. l 5 2 4  
0529 
,0512  
. I )EOO 







- 0 4 2 4  
e0451  
e0436  














, 1 4 7 1  
a1439 
1 4 1 1  
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, 1 1 4 h  
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1344  
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,1450 
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. l t 4 5  e1599 
e1727  





, 1 8 2  1 
. l e 0 7  
,1784  
,1748  












, 4500  
5COO 
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l t 0 3  
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. l t   1 4  
, 1 5 4 7  
t4 
W 
Tail cone  on  flight  vehicle, but deleted 
model for  sting  attachment 





1.44 m ~1 
(a) General  arrangement. 
Figure 1.- Wind-tunnel model conf igu ra t ion .  
Fuselage  stations 
0.00 m 1.26 m 
- c = 0.12 m 
0.76 m 
(b) Model planform. 




l b '  - " 1 
Fuselage  reference  line;  water line, -0.021 m 
Wing reference  plane at fuselage  center  line; zw = 0.024 m 
(c) Cross-sectional views of fuselage geometry. 
Figure 1 .- Concluded. 
(a)  V i e w s  of model mounted i n  k e e l  s e c t i o n .  
F igu re  2.- Photographs of 1/6-scaled wind-tunnel model. 
27 
(b) V i e w s  of model  and r a k e  i n s t a l l a t i o n .  
Figure 2.- Concluded. 
.2 
Measured 







0 .1  .2 . 3  
(a )  Wing 
Figure 3.- 
.4 
s t a t ion  
Typical 
. 5  .6 
Y 
b/2 
a t  - = 0.70. 
a i r f o i l  geometry. 

















Table I " - - 
\ \
\ 
0 .1 .2 .3  .4 .5 .6 .7 .8 -9 1.0 
x/c 
Y 
(b) Streamwise variation of wing upper and lower surface slopes at - = 0.70. 
b/2 
Figure 3 . -  Concluded. 
0 
-2 
- 4  
- 6  
- 8  
0 .2 .4 .6 .8 1.0 
Y 




V C ,  





0 .2 .4 .6 .8 1 .o 
(a) Measured thickness-to-chord ratio for model wing. 





















0 .2 .4 .6 .8 1.0 
Y - 
b/2 
(b) Variation of trail ing-edge thickness with semispan for model wing. 








(a) Top view. 
r 5.1 -cm  diameter to  accept  sting 
t \ 
Tail  cone  deleted  on  modelJ - Keel 
(b) Side view. 
Figure 6.- Modification  of  aft  end of fueslage. 
34 
c 
Carborundum  -grain size 
(Streamwise  location  in  percent  chord) 
I 
Upper wing surface Lower wing surface 
A I B  I C  I D  1 E 1 F 
100 , 
(22) (22) -" --- (10) (10) 
60 80 80 90 100 
0.25 cm (TW,k#%j/ 
12.88 cm 
3.23 cm 1 I 




Upper surface t Lower surface 
(a) Wing-flow  transition-strip  patterns. 
Figure 7.- Boundary-layer  transition-strip locations and  carborundum-grain sizes for  model. 
W ul 










0.25 cm \ 
Nose -




k 1 . 5  cm 
Elevon 
(b) Flow  transition-strip  patterns for fuselage and control surface. 
Figure 7.- Concluded. 
36 
a ,  deg 
Figure 8 . -  Model internal -drag  character is t ics .  f3 = 0 0 .  
37 
a ,  deg 
(a) M = 0.400. 
Figure 9.- Variation of longitudinal  aerodynamic  characteristics  with  angle 











(a) M = 
P .  deg 













a .  deg 
(b) M = 0.800. 






k L l A u u u  
2 4 
a .  deg 
(b) M = 0.800. Concluded. 





a . deg 






-4 -2 0 2 6 10 
a .  deg 
(d)  M = 0.925. 










-2 0 2 
P .  deg 
0 0  
0 2.0 
4 6 
a .  deg 
(d) M = 0.925. Concluded. 
Figure 9.- Continued. 
45 
-4 -2 0 2 4 6 
a , deg 
( e )  M = 0.950. 
a 10 12 
Figure 9.- Continued. 
46 
6 I 
a . deg 
( e )  M = 0.950. Concluded. 
Figure 9.- Continued. 
47 
(f) M = 0.980. 












0 2 4 6 
a ,  deg 
M = 0.980. Concluded. 
Figure 9.- Concluded. 
49 
(a) M = 0.400. 
Figure 10.- Variation of longitudinal  aerodynamic  characteristics  with  angle 
of sideslip  at  two  angles of attack. ge = Oo. 
50 
(b) M = 0 . 8 0 0 .  
Figure 10.- Continued. 
51 
52 
B .  deg 
(d)  M = 0.925. 
F igure  10.- Continued. 
53 
P .  deg 
(e) M = 0.950. 
F igu re  10.- Continued. 
54 
. a  
. 6  
CL . 4  
. 2  
0 
.08 









P .  deg 
(f) M = 0.980. 



















-4 -2 0 2 4 6 
a. deg 
(a) M = 0.400. 
10 12 
Figure 11.- Effect of symmetric  elevon  deflection on longitudinal 











-4 -2 0 2 4 6 8 10 12 
a, deg 
(a) M = 0.400. Concluded. 



















-4 -2 0 2 4 6 a 10 12 
a. deg 
(b) M = 0.800. 













-4 -2 0 2 4 6 a 10 12 
a, deg 
(b) M = 0.800. Concluded. 


















-4 -2 0 2 4 6 8 10 12 
a. deg 
( c )  M = 0.900. 
Figure 11.- Continued. 
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be* I deg 
0 3  




O f f  
4 6 8 10 12 
(c) M = 0.900. Concluded. 


















-4 -2 0 2 4 6 a 10 12 
a, deg 
(d)  M = 0.925. 











0 2 4 6 8 10 12 
(d) M = 0.925. Concluded. 


















-4 -2 0 2 4 6 8 10 12 
a, deg 
(e) M = 0.950. 












1 -  
" 
I 
-4 -2 0 2  4 6 
a, deg 
8 10 12 
(e) M = 0.950. Concluded. 


















-4 -2 0 2 4 6 8 10 12 
a. deq 
( f )  M = 0.980. 
Figure 1 1  .- Continued. 
66 
8 10 12 
a ,  deg 
( f )  M = 0.980. Concluded. 







.2 .3 .4 .5 .6 
M 
.7  .8 .9 














.5 .6 .7 
M 
.8 .9 1 .O 
Figure 13.- Variation of drag coefficient w i t h  Mach  number for three values of 










0 . 10 .20 .30 .40 .50 .60 . 70 
Figure 14.- Variation  of drag-divergence Mach number with lift coefficient. 
R = 6.6 x lo6 per meter. 
- 










Figure 15 .- 
.5 .6 .7 
M 









Figure 1 6. - 
.4 
. .  
. .  . .  . .  
.5 .6 .7 
M 
.8 .9 1 .o 
Variat ion of with Mach number. Applicable  range, 0 6 cL 5 0.50. 






.4 .5 .6 .7 
M 
.8 .9 1.0 
Figure 17.- Variation of untrimmed  lift-curve slope with Mach number. Applicable range, 
10 5 c1 5 50. 8, = 00. 
-.08 
-.06 
cm a! -.04 
-.02 
0 
.4 .5 .6 . 7  
M 
.8 .9 1.0 
Figure 18.- Variation of pitching-moment-curve slope with Mach number. Applicable range, 








.4 . 5  .6 .7  .8 .9 1.0 
M 









.4 .5 .6 .7 
M 
.8 .9 1.0 
Figure 20.- Variation  with  Mach number  of  rate of  change  of lift coefficient with symmetric 





.4 .5 .6 .7 
M 
.8 .9 1 .o 
Figure 21.- Variation  with  Mach  number of rate  of  change  of  pitching-moment  coefficient  with 









.5 .6 .7 
M 
.8 .9 1.0 
Figure 22.- Variation of pitch-control sensitivity  (symmetric  elevon) with Mach 
number. Applicable ranges, -6O 2 6, 6 3 O  and 2O 6 a 6 6O. 




















. 4  .6 .7 . 8  
Figure  23.- Var ia t ions   o f  aC&M with Mach number fo r   t h ree   symmet r i c  
e l evon  de f l ec t ions .  
79 
. 4  










. 3  . 4  .5 .6 .7 .8 . 9  1.0 
M 
(b) CL = 3 O .  
Figure 23.- Continued. 
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. 3  . 4  .5 .6 .7 . 8  .9 1.0 
M 
(a) Q = 20. 














. 3  . 4  .5 .6 .7 .8 . 9  1.0 
M 
(b) CC = 3O. 
Figure 24.- Continued. 
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. 3  . 4  .5 . 6  .7 . 8  . 9  1.0 
M 
(c) o! = 40 .  















. 3  . 4  -5 .6  .7 .8 . 9  1 .0 
M 
Figure  25.-  Variation of aC&M w i t h  Mach number for t h r e e  symnetric 















. 3  . 4  .5  . 6  .7 .8 .9 1.0 
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aM .IO 
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. 3  . 4  .5 .6  .7 .8 .9 1.0 
M 
( c )  a = 4O. 

















B .  deg 
(a) M = 0.400. 
Figure 26.- Variation of l a t e ra l  aerodynamic characterist ics w i t h  angle Of 
s ideslip for two angles of attack. 6, = Oo. 
88 
B .  dql 
(b) M = 0.800.  







-8 -6 -4 -2 0 2 4 6 8 
P .  deg 
(c) M = 0.900. 







(d) M = 0.925. 








B .  deg 
(e) M = 0.950. 
F igure  26 .- Continued. 
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-8 -6 -4 -2 0 2 4 6 8 
B .  deg 
(f) M = 0.980. 

















a .  deg 
(a)  M = 0.400. 
Figure 27 .- Variation of lateral-directional aerodynamic character istics w i t h  

















a .  deg 
(b) M = 0.800. 
Figure 27.- Continued. 
95 
4 
a .  deg 
M = 0.900. 
















(d) M = 0.925. 







a .  deg 
(f) M = 0.980. 

















(a) M = 0.400. 
Figure 28.- Effect of asymmetric elevon deflections on lateral-directional 

















' j "  
I . . . .  
. - . . . . . 
0 0  0 0 
0 3  -3 3 
I I 
. .. I . 
-4 -2 0 2 4 6 8 10 12 
a .  deg 
(b) M = 0.800. 



















-4 -2 0 2 4 6 8 10 12 
a .  deg 
(c) M = 0.900. 















t o  
-. 02 
-. 04 
-4 -2 0 2 4 6 8 10 12 
a .  deg 
(a) M = 0.980. 














-4 -2 0 2 4 6 8 10 12 
a .  d q  
(a) M = 0.400. 
Figure 29.- Effect of rudder deflection on lateral-directional 















-4 -2 0 2 4 6 8 10 12 
a. deg 
(b) M = 0.800. 

















-4 -2 0 2 4 6 8 
a .  deg 
(c) M = 0.900. 
10 12 

















-4 -2 0 2 4 6 8 10  12 
a .  dtq 
(a) M = 0.980. 
Figure  29.- Concluded. 
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-a -6 -4 '-2 0 2 4 6 8 
B .  deg 
(a) M = 0.400. 
Figure 30.- Effect of rudder deflection on lateral-directional aerodynamic 


















-8 -6 -4 -2 0 2 4 6 8 
B .  deg 
(b) M = 0.800. 
Figure 30.- Continued. 
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B .  deg 
(c)  M = 0.900. 
Figure 30.- Continued. 
110 
I 
B .  deg 
(d)  M = 0.980. 
Figure 30.- Concluded. 














.5 .6 .7 .8 .9 1.0 
M 
Figure 31.- Variation of lateral-directional  stability characteristics  with 

















.4 .5 .6 .7 .8 .9 1.0 
M 
Figure 32.- Variation of roll-control derivatives (asymmetric elevon) 











per deg .002 
.001 
0 
.4 .5 .6 .7 .8 .9 1.0 
M 
Figure 3 3 . -  Variation of lateral-directional rudder-control derivatives w i t h  Mach 
number for three angles of attack. 
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Figure 34 . -  V a r i a t i o n  of r u d d e r - c o n t r o l  s e n s i t i v i t y  w i t h  Mach number. 
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